Humans are exposed to phthalates continuously throughout life. The aim of this study was to evaluate the genotoxic effects induced in male mice following 8 weeks of subchronic exposure to di-n-butyl phthalate (DBP) during their puberty and to investigate the possibility of transmission of mutations to subsequent generations via the sperm. Pzh:Sfis outbred male mice aged 4.5 weeks were exposed to DBP by gavage for 8 weeks, 3 days per week to doses of 1/16 LD 50 or 1/4 LD 50 each time. Six to seven males from each dosage group were sacrificed at 4, 8 and 12 weeks after the start of exposure for examination of sperm count and quality. Immediately after the end of exposure, the remaining males were caged for 1 week with two unexposed females each. Group of females were sacrificed 1 day before expected parturition, whilst other females were allowed to deliver and rear litters. F1 generation males at 8-9 weeks of age were caged with females from the same group, but from a different litter, for examination of prenatal development of the F2 generation. The remaining F1 generation males were sacrificed at the same age to check the sperm count and quality. Our results confirmed the toxic effects of DBP on the reproductive organs and germ cells of pubertally exposed males. The changes induced in male gametes might be transmitted to the next generation via the sperm. The most important effects were induced in the F1 generation. Exposure of F0 males to DBP induced skeletal malformations in surviving foetuses, caused significant mortality in postnatal life and a disturbance in the sex ratio (superior survival of females in F1), as well as increased frequency of DNA damage in the germ cells of F1 males. The present study did not confirm higher sensitivity to DBP of pubescent males compared to adult males, but the effects induced in the F1 generation differed from that after exposure of adult F0 males.
Introduction
Phthalates are widely distributed in the environment due to their presence in many everyday products. Because of their endocrine disrupting activity, which is capable of perturbing the reproductive process by mimicking or antagonising steroid action, phthalates are believed to reduce male fertility and induce testicular atrophy in laboratory animals (1, 2) . They affect the male reproductive system in animals, being associated with hypospadias, cryptorchidism and reduced testosterone production and sperm count. The toxic action of phthalates is attributed to inhibition of Leydig cell synthesis of testosterone (3, 4) . Diminished sperm count and quality might be caused by disturbances in the spermatogenesis induced by phthalates (5) .
The main target of phthalates is Sertoli cells, which do not proliferate after attainment of sexual maturity and therefore damage to them may significantly affect spermatogenesis (6) (7) (8) (9) (10) . Germ cell loss caused by phthalates is primarily induced through their effects on testicular cells (7, (11) (12) (13) . Dysfunction of Sertoli cells induced by phthalates may lead to disturbances in development and differentiation in subsequent stages of spermatogenesis, particularly to progressive degeneration of spermatocytes and spermatids (14) . Previous research has shown that pubescent animals seem to be more sensitive than adults to the testicular toxicity of phthalates (15, 16) .
Di-n-butyl phthalate (DBP) is colourless or light yellow liquid with a weak smell likened to ether and an intense bitter taste. It is soluble in various organic solvents including alcohol, ether and benzene. DBP is commonly used as a plasticizer and as an additive to adhesives and printing inks, as a solvent for paints, for impregnation of tissues and as an antifoamer. This phthalate is a component of plastic goods, containers and boxes for food preservation, plastic pipes, glues, perfumes, nail polishes and washers, eye shadows and hair sprays (17) . Phthalates are released into the environment during production, transportation, manufacturing and improper disposal. They are also released from products into soil, water and air. The main routes of general human population exposure to DBP are consumption of contaminated food and drinking of contaminated water. Significantly but rarely the exposure to DBP may occur through inhalation and dermal contact, or through medical exposure from plastic tubing used for oral/nasal feeding (18) .
DBP is particularly toxic to the male reproductive system by disturbing the differentiation and development of androgen-dependent tissues, leading to underdevelopment of male gonads, necrosis of seminiferous tubule epithelium and, as a consequence, leading to diminished reproductive ability (18) (19) (20) (21) . This phthalate induces oxidative stress in rats leading to changes in the structure and function of epididymis (22) . The exposure of adult rodents to DBP causes pathological and biochemical changes in testes, reduction in testicular and epididymal weight and hypospermia as well as reduced sperm count and motility (23) (24) (25) (26) .
Humans and animals are exposed to phthalates continuously from foetal life through puberty to adulthood. Since previous studies have shown that pubescent animals might be more sensitive than adults to the testicular toxicity induced by phthalates, we decided to investigate the genotoxic effects induced in male mice following 8 weeks of subchronic exposure to DBP started during their puberty, and to investigate the possibility of the transmission of mutations to subsequent generations via the sperm.
Materials and methods

Animal husbandry and study designation
The authors obtained permission from the IV Local Ethical Commission for Animal Experiments in Warsaw (part of the National Ethical Commission) for conducting this study on laboratory animals.
Pzh:Sfis outbred male mice were housed in standard rodent cages in a room with controlled temperature, humidity and light cycle (12 h dark, 12 h light). Tap water and a rodent diet ('Labofeed', Factory for Animal Fodder 'Morawski', Kcynia, Poland) were available ad libitum. According to the composition indicated by the manufacturer, the feed was free from phytoestrogens. To prevent the additional exposure to xenoestrogens present in plastic, the water was served in glass bottles. After 1 week of acclimatisation, males were assigned randomly to either control or exposed groups.
Groups of Pzh:Sfis outbred male mice aged 4.5 weeks were exposed to 0.1 ml of olive oil (control group) or DBP solution in olive oil (experimental groups) by gavage for 8 weeks, 3 days per week. The doses of DBP were 500 mg/kg bw (1/16 LD 50 ) (lower dose) or 2000 mg/kg bw (1/4 LD 50 ) (higher dose) each time.
Six to seven males from each experimental and control group were sacrificed in the middle of the 8-week exposure (i.e. at 4 weeks), 1 day after the end of exposure (at 8 weeks) and 4 weeks after the termination of exposure (8 + 4 weeks) to check the reproductive organ weights as well as the sperm count and quality. Immediately after the end of the 8-week exposure, 18-20 males from both the control and experimental groups were caged for 1 week with two unexposed, virgin females each. These were checked daily for the presence of a vaginal plug; this determined day 0 of pregnancy. Three quarters of the mated females from each group were euthanized via cervical dislocation 1 day before expected parturition. The remainder of the females from each group were allowed to deliver and rear litters. One of two females mated to the same males was chosen for postnatal study and the other was used for the prenatal study.
At 8-9 weeks of age males of F1 generation were caged with females from the same group, but from different litter (each male with two females), and then the prenatal development of the F2 generation was examined. Moreover, 5-6 males from each group of F1 generation were sacrificed at the same age to check reproductive organs weight as well as sperm count and quality.
Sperm count and quality of males F0 generation
Both testes and epididymes were removed and weighed from each male. One epididymes was macerated in 0.2 ml of a 1% solution of trisodium citrate for 5-8 min and minced. Then the solution was made up to 2 ml and mixed for about 1 min. The sperm suspension was diluted 1:1 in 10% buffered formalin. The spermatozoa were counted using an improved Neubauer haemocytometer (27) (28) (29) .
The contents of the second epididymis were placed into 0.2 ml of warm (37°C) physiological saline. An aliquot was placed on a warm (37°C) microscope slide and covered with a cover slip. Cells (200 per animal) were evaluated by eye under a light microscope for progressive and non-progressive motility in total within 5 min of sacrificing the animal and the percent of motile spermatozoa was calculated (29) .
The remaining sperm was distributed evenly in saline. The study of frequency of morphologically abnormal spermatozoa was performed according to the procedure described by Wyrobek and Bruce (30) . Smears were prepared on microscope slides, air-dried overnight and stained with eosin Y. Then 1000 spermatozoa per mouse were analysed using a light microscope, and abnormal spermatozoa morphology (e.g. lacking hook, amorphous, banana-shaped head, two tails, two heads) was recorded.
For the comet assay, the method of tissue preparation described previously was used (31) . One testis from each animal was decapsulated and placed in RMPI 1640 medium and minced with scissors. Before using the cells, tubes were swirled so that single cells remained in suspension. Five microlitres of cell suspension were mixed in an Eppendorf tube with 75 μl low melting point agarose (LMA) for embedding on slides. The slides were immersed in alkaline lysis (2.5 M NaCl, 100 mM EDTA (disodium), 10 mM Tris, 1% sodium sarcosinate, pH 10) overnight at 4°C. Then they were drained and placed in a gel electrophoresis tank, and left in the solution for 20 min. Electrophoresis was conducted at 4°C for 20 min using 19V and 300 mA. After neutralisation slides were stained with EtBr and examined using a fluorescence microscope (Nikon, Japan). Images of 100 randomly selected cells from each animal were recorded and analysed using CASP image-analysis software (32) . Comet tail moment was chosen to determine induction of DNA breaks.
Prenatal development of F1 generation
The protocol for dominant lethal assay and congenital malformation study described previously (33) was used. Females were sacrificed 1 day before expected parturition.
A male mated with at least one female was defined as fertile. A female with at least one live or dead implantation was defined as pregnant. Females were examined for the number of implantations, the number of live foetuses and the number of early and late post-implantation deaths. Post-implantation deaths were classified as early if the embryo had died and been resorbed, or late if the dead embryo was at a stage beyond the onset of organogenesis.
The dominant lethal mutation (DLM) was calculated according to the known formula: Live embryos were weighed and analysed for the presence and type of gross malformations (e.g. exencephaly). Runts were defined as live foetuses having a body weight less than 75% of the mean of their litters (34) . Malformed foetuses and half that number of randomly selected normal foetuses from each of the exposed and control groups were assessed for skeletal malformations after alcian blue and alizarin red staining (mixture contents: 0.3% alcian blue diluted in 70% ethanol -l part + 0.1% alizarin red diluted in 95% ethanol -1 part + acetic acid -1 part + 20% ethanol -17 parts).
Postnatal development of F1 generation
Pups of females having parturition were counted and weighed at birth and then weekly up to 8 weeks of age. They were observed for physiological markers and growth parameters.
The percent of mortality was calculated as follows:
% Mortality Total number of deaths Number of live births =´100
Mean body weight (g) of the individual litters and of each group were also calculated weekly. Pups weighing less than 2 standard deviations of the mean body weight of the control group were considered growth-retarded (35) . The percent of growth-retarded pups was calculated according to the formula:
% Growth-retarded pups Number of growth retarded pups Tot = a al number of live pups 100 F1 generation animals were observed for physiological markers such as fur development, pinna detachment, eye opening, vaginal opening and descent of testes. The appearance of pinna detachment was recorded as the age (days) when pinna of both ears unfolded to a fully erect position. Eye opening was defined as any visible break in the membrane covering the eye. Vaginal opening was defined as any visible break in the membrane when the vaginal lips were gently pulled laterally. Descent of testes was recorded when the testes descended to lie in the scrotal sac (35) .
Sperm count and quality of males F1 generation
Five to six males from each experimental and control group of F1 generation were sacrificed at 8-9 weeks of age to check the reproductive organ weights as well as the sperm count and quality according to the protocol described for F0 generation. Each male came from a different litter.
Prenatal development of F2 generation
Females of F1 generation were sacrificed 1 day before expected parturition. They were examined for the number of implantations, the number of live foetuses, and the number of post-implantation deaths, as described for F1 generation.
Statistical analysis
Statistical analysis was performed by one-way analysis of variance (ANOVA) with post hoc Fisher's test, and by the chi-square test. The significance level was set at P < 0.05.
Results
Mean reproductive organ weights as well as sperm quantity and quality after exposure of F0 male mice to DBP are shown in Table 1 . The mean testes and epididymes weights were increased in the middle of exposure to both doses of DBP, but only in the case of epididymes weight of males exposed to 500 mg/kg bw DBP doses was the result was statistically significant. In turn, after 8 weeks exposure to the 500 mg/kg bw dose, a significant decrease in testes weights was observed. Sperm counts were usually slightly reduced, only in the middle of exposure to the dose of 2000 mg/kg bw markedly (but not statistically significant). The mobility of spermatozoa was decreased by about of 20% compared to control only at 4 weeks after termination of exposure to 2000 mg/kg bw of DBP (not statistically significant). The percents of abnormal spermatozoa were slightly dose-dependently increased at all doses and time points, but the result was statistically significant only at 4 weeks after the end of exposure to 2000 mg/kg bw of DBP. The comet tail moment values were increased, especially at 8 weeks of exposure to higher and at 4 weeks after the end of exposure to the lower dose of DBP. Results were not statistically significant.
Effects of subchronic DBP exposure of F0 male mice on the prenatal development of F1 generation foetuses are shown in Table 2 . The percent of fertile males in control and experimental groups was similar. The percent of pregnant females was not significantly decreased, especially in the group in which males were exposed to 2000 mg/kg of DBP. In the same group, slight reductions in total and live foetuses were observed. There were no significant differences in the number of dead foetuses. Exposure to the lower dose of DBP induced 4.3% dominant lethal mutations, whereas the higher dose induced 8%.
Effects of subchronic paternal DBP exposure on the induction of gross and skeletal malformations of the surviving foetuses of F1 generation mice are presented in Table 3 . The mean body weights of survival foetuses from all groups were similar. The percent of foetuses with gross malformations was significantly lower after exposure of fathers to the lower dose of DBP. The frequencies of abnormal skeletons were significantly enhanced in both experimental groups. Extra ribs and rudimentary extra ribs were the most frequent types of malformations.
Postnatal body weights and percentage of growth-retarded F1 pups of males exposed to DBP are presented in Table 4 . At birth, body weights of pups from the group receiving the higher dose of DBP were significantly higher compared to control. Between 1 and 8 weeks of life, the body weights of pups from the treated groups were significantly higher compared to control. There were no growth retarded pups.
Postnatal mortality and the appearance of developmental markers in pups of males exposed to DBP are shown in Table 5 . The mean litter size at birth was slightly dose-dependently decreased, whereas after 8 weeks the mean litter size was significantly lower in both treated groups. Percent of mortality of the F1 offspring within 8 weeks was highest after exposure of parent males to the lower dose of DBP (42.7 versus 25.5 in control). The female:male sex ratios were significantly disturbed in both experimental groups. In the lower dose DBP group there were 73% of females versus 27% of males, whereas in the higher dose DBP group there were 61% of females versus 39% of males. There were no differences in pinna detachment, fur development or eye opening between pups from experimental and control groups. Vagina opening appeared slightly, but not significantly, earlier in both experimental groups. Testes descent in the lower dose DBP group appeared approximately 4.5 days earlier compared to control animals, but this was not statistically significant.
Effects of pubescent F0 males' exposure to DBP on F1 males' reproductive organs weight and sperm count and quality are shown in Table 6 . The mean body weights and the mean testes weights were similar in all groups. The mean epididymal weight of F1 males from the lower dose group was over 10 mg higher than the control, but this was not statistically significant. The sperm count and mobility were similar in all groups. The percent of abnormal spermatozoa was not significantly dose-dependently increased in experimental groups. In both experimental groups, the values of comet tail moment (i.e. DNA damage) were significantly increased in haploid germ cells of F1 generation males.
The effect of preconceptional exposure of pubescent F0 males to DBP on the intrauterine developmental of the F2 generation offspring is shown in Table 7 . The exposure of F0 males to DBP did not affect F1 male fertility and pregnancy frequency. The mean numbers of total, live and dead foetuses were not significantly different compared to the control group.
Discussion
During foetal gonad differentiation, neonatal testicular development and final maturation and differentiation of the testes during puberty, proper androgen levels are very important for normal development (36) . Puberty is an important part of reproductive health, marking the sexual maturation of the hypothalamic-pituitary-gonadal (HPG) axis that culminates in adult hormonal profiles and physiological changes that are essential for reproductive fitness (37) .
The majority of publications about the effects of DBP on the offspring have described events after exposure of females during pregnancy or lactation. Exposure of female rodents during gestation and lactation caused testicular atrophy, malformations of the male reproductive tract, cryptorchidism, hypospadias, reduced sperm count and testosterone level as well as Insl3 production, decreased sperm density, affected the motility and viability of germ cells, and caused hypoosmotic swelling tail coiled sperms with an increase in morphological abnormalities (19, 23, (38) (39) (40) (41) (42) .
The present study is focused on the effects of exposure to DBP covering the full cycle of spermatogenesis, being initiated during puberty of male mice. This is the first complex research on the possible consequences in subsequent generations of exposure of pubescent males to DBP.
Exposure of male mice to doses of 10-500 mg/kg DBP daily from 4 to 14 days of age induced dose-dependent effects on testicular growth correlated with reduced Sertoli cells proliferation, delayed spermatogenesis and impaired Sertoli cells maturation and reduced anogenital distance (43) , whereas single exposure of 3-week-old male rats caused diminished maturation of gametes (44) . Similarly, DBP at doses of 100 and 500 mg/g for 30 days in adolescent rats decreased the testicular and epididymal weights and induced significant histopathological changes in testicular tissue (45) . Zhou et al. (46) showed that DBP induced oxidative stress leading to changes in the structure and function of epididymis, decreasing semen total antioxidant capacity and the activities of testicular antioxidant enzymes and testosterone secretion. In pubertal male rats exposed to DBP for 30 days anomalous development of testes and epididymis, atrophy of seminiferous tubules, loss of spermatogenesis and abnormal levels of semen hormones were reported. High doses of DBP led to testicular toxicity, whereas low doses led to changes in the expression of proteins induced in spermatogenesis and to changes the number and function of Sertoli and Leydig cells (43) . Changes in reproductive organ weights at the 500 mg/kg bw DBP dose used in this study did not directly correlate with the sperm count of exposed males. After 8 weeks of DBP exposure of pubescent male mice, the sperm counts in both experimental groups were slightly, but not significantly, reduced compared to controls. This is in line with previous results obtained for adult males, where non-significant sperm count reduction and diminished sperm quality, especially increased frequency of morphologically abnormal spermatozoa, were noted (47); although in this study there was no effect on sperm motility and the proportion of abnormal % g-r -percent of growth-retarded pups. a P < 0.05 compared to corresponding control by ANOVA and post hoc Fisher's tests.
spermatozoa in DBP groups were increased, albeit not always statistically significantly.
No effects have been observed on the number of F1 generation foetuses per pregnant female after parental exposure to DBP. This finding contrasts with observations of reduction in litter size, an increased incidence of pre-and post-implantational losses as well as teratogenicity following exposure of pregnant female rodents to DBP (23, (48) (49) (50) (51) (52) (53) . Results similar to those in the present study were observed after exposure of adult males to the same dose range and time period of DBP (54) . The significant decrease in the percentage of abnormal foetuses in the higher dose group is difficult to interpret, however similar trends were noted in both groups of adult males exposed to DBP (54) . The incidences of congenital skeletal malformations in the F1 offspring of exposed males were very high (4-fold for low and 5-fold for high DBP groups). This finding is novel compared to previous results for the offspring of adult males (54) and not described elsewhere. Recently, Bielanowicz et al. (55) observed in adult mice exposed prepubertally to low DBP doses lower bone mineral contents and density. Thus, pubertal male exposure might also influence bone development in offspring. High postnatal mortality of pups of DBP-exposed males is worrying and might be connected with the incidence of skeletal malformations in the same groups. Pups with such defects might be unviable after birth.
The above findings may be a result of genetic or epigenetic effects. Since there is very little evidence in the literature for any of phthalates being particularly genotoxic, an epigenetic mechanism, postulated in several papers (56-59), seems more likely. Epigenetic effects are defined as molecular alterations to DNA that regulate genome activity independently of DNA coding sequence and that are mitotically stable, (60, 61) i.e. affect gene function without affecting sequence. The primary heritable epigenetic mechanism involves DNA methylation. Germ cells undergo a demethylation and remethylation during a period of sex determination in the developing gonad. The epigenetic effect on the germ line could reprogram the germ cells through an event such as attend DNA imprinting (62, 63) . Epigenetic alterations that lead to transgenerational transmission of specific genetic trials or molecular events have been described (64) (65) (66) . Epigenetic transgenerational inheritance is defined as the germ line (i.e. sperm or egg) transmission of epigenetic information between generations in the absence of any environmental exposure (60). Several papers have described the role of DNA methylation in the formation of single-nucleotide polymorphism (SNP) and copy number variations (CNVs) (67, 68) . Other authors indicated also non-coding RNA and histone modifications to promote genetic mutations (69, 70) . These and other papers (71, 72) suggest that epigenetics plays an important role in promoting gene mutations. Our results may reflect and support those findings. Also, Skinner et al. (73) observed recently that the environmental induction of epigenetic transgenerational inheritance of sperm epimutations promote genome instability, such that CNVs genetic mutations are acquired in subsequent generations. Moreover, a combination of epigenetics and genetics is suggested to be involved in the transgenerational phenotypes (73) . The ability of phthalates to promote epigenetic transgenerational inheritance was also described (74, 75) .
Contrary to the present results, other authors have observed postnatally decreased body weight and growth-retardation of offspring following exposure to DBP of pregnant females and adult males before conception (5, 54) . In our study, the postnatal body weights in experimental groups were higher than in controls. The explanation for such a result might be transgenerational inheritance of obesity. As previous papers showed, exposure to endocrine disruptors, including phthalates, has been suggested to contribute to obesity in both animals and humans (75, 76) . Although the above review papers were based mainly on results for maternally exposed foetuses, our results show a similar tendency. Evidence from animal studies suggests that endocrine disruptors may affect obesity-related pathways by changing hormone levels or by altering gene expression (76) . A second explanation would be an effect of lower litter size at birth in DBP-exposed groups, which was additionally diminished during postnatal life due to higher mortality of pups in experimental groups with females potentially feeding pups better when the litter is smaller. A third mechanism may be a difference in appetite of pups when they begin eating standard pasture. The reason for the suddenly increased proportion of growth-retarded pups in all groups at 5 weeks after birth was probably the change in manner of nutrition. In both experimental groups, significant disturbances in sex ratio were observed with 73 and 61% female offspring in the lower and higher DBP dose groups, respectively. In contrast, after exposure to DBP of adult male mice a majority of males were born (54) . DBP may cause insufficient androgen production leading to abnormal testicular development (5, 77, 78) . Oxidative stress and a decrease in testosterone secretion is the mechanism of DBP-induced testicular toxicity (26) .
The predominance of females may be associated with diminished hormonal levels in F0 males at time of conception (79) . A human study has shown that there is an association between the level of phthalate metabolites in urine and the sperm chromosome Y:X ratio, so exposure to phthalates may lead to a reduced proportion of male births (80) . Moreover, androgens synthesised in testes during foetal and neonatal development are the major factor crucial for the development of the internal and external male reproductive tracts (81) . DBP may inhibit mRNA expression of key proteins in the steroidogenic pathway and suppress androgen synthesis, increasing the expression of androgen receptor and reducing the expression of androgen-related genes (22, 78, 82) . DBP exposure can influence several key genes in the androgen signalling pathway (Cyp11a1, Hsd3b, Scarb1, Star) and result in insufficient testosterone synthesis (78, 82, 83) . Further to this, exposure of foetuses in utero to DBP may induce disturbances in the expression of genes, which affect the development of androgen-dependent tissues and cause abnormal development of the sexual organs (83, 84) . Exposure to doses from 250 to 500 mg/kg bw during pregnancy and lactation causes decreases in the anogenital distance (i.e. feminisation) of F1 males and induces anorectal and urogenital malformations in male offspring (85) . DBP delays testicular development and testosterone secretion as well as shortening anogenital distance in the offspring of pregnant female rats exposed to DBP (86) . Lee et al. (87) showed inconsiderable delay in the sexual maturity of rats exposed to DBP during pregnancy and lactation. Exposure of females to DBP in the last trimester of the pregnancy induced delay in testes descent in their F1 offspring (52) . In contrast, in this study there was no difference in testes descent in the F1 offspring of the group of F0 males exposed to 2000 mg/kg of DBP, whereas in the offspring of males exposed to 500 mg/kg bw of DBP a statistically non-significant 4.5 days acceleration in testes descent was noted. In the study on the subchronic exposure of adult males there was no difference in F1 males' sexual maturation (54) . The results of the present study show no effects of preconceptional DBP exposure of F0 males on their offspring's vagina opening time. Similar results were noted in studies where the offspring were exposed maternally to DBP (19, 38) . In contrast, exposure of adult F0 males to 500 mg/ kg bw of DBP (54) induced delay in onset of sexual maturation in F1 females, as did exposure of adult F0 females from late gestation to following lactation (87) .
Similarly to the earlier study where adult males were exposed to DBP, (54) sperm count and motility in the F1 generation were not affected. In the present study only the level of DNA damage was significantly increased compared to adult male offspring, where the significant increase in the frequency of abnormal spermatozoa was noted after exposure to 2000 mg/kg bw DBP (54) . In line with the fertility of F1 males, the viability and intrauterine development of the F2 generation was not changed similarly to previous results on adult F0 males (54). In conclusion, the results of the current paper confirmed the toxic effect of DBP on the reproductive organs and germ cells of pubertally exposed males. The changes induced in male gametes via genetic or epigenetic mechanism may be transmitted to the next generation via the sperm. The most important effects are induced in the F1 generation. Exposure of F0 males to DBP induced significantly increased frequencies of skeletal malformations in foetuses, caused significant mortality in postnatal life, a disturbance in the sex ratio (superior survival of females in F1) as well as increased frequency of DNA damage in the germ cells of F1 males. The current study did not confirm directly higher sensitivity to DBP of pubescent males, but the effects induced in the next generation are different than after exposure of adult F0 males. DBP may affect reproductive health of males exposed at puberty and their offspring. 
